ground state with considerable covalent bond character. However, the other complexes show isotropic type. The antimicrobial activity of the ligands and their complexes was studied. The results show that, the complexes were found to be more active than the ligands against the organisms used.
INTRODUCTION
Inorganic elements play crucial role in biological medical processes and it is evident that many organic compounds used in medicine do not have a purely organic mode of action, some are activated or bio-transformed by metal ions metabolism. Schiff-bases have played a role in the development of coordination chemistry. Schiff-bases compounds containing an imine (azomethine) group (C=N-) possessing a broad spectrum of biological activity and in corporation of metals in the form of complexes showed some degree of inflammatory activity 1 antibacterial 2,3 , antigenotoxcity 4, 5 antifungal and antitumor 6 . The increasing interest in transition metal complexes containing Schiff-base ligand is derived from their well-established role in biological system as well as their catalytic and pharmaceutical applications 7 . Metal compounds are made up of a metal ion (the acceptor) and one or more ligands containing the donor atoms. A ligand may be attached to a metal ion by more than one donor atom, thus forming a heterocyclic ring called a chelate ring. In such case the ligand may be termed a chelating agent and the resulting complex a metal chelate 7 . Schiff-base compounds containing an imine group usually formed by condensation of ketones or aldehydes with amines and were first reported by Hugo Schiff in 1864. Researchers have found that isoliquiritigenin, a compound isolated from the tonka bean, Schiff bases derived from an amino and carbonyl compound are an important class of ligands that coordinate to metal ions via azomethine nitrogen and have been studied extensively 8 . In azomethine derivatives, the C=N linkage is essential for biological activity, several azomethine has been reported to possess remarkable antibacterial, antifungal, anticancer and antimalarial activities 8 . In continuation of our studies on synthesis of new hydrazone ligands and their metal complexes of biologically active. We reported new metal complexes of ether hydrazones and their biological activity.
EXPERIMENTAL

Materials
The starting chemicals were of analytical grade and used without further purification.
Physical and spectroscopic techniques
The characterization of the compounds carried out using various spectroscopic techniques such as:-Elemental analyses (C, H, N and Cl) were performed by analytical laboratory of Cairo University, Egypt.
i. Molar conductivity:
The molar conductivity of 10 -3 M of compounds in dimethyl-sulfoxide (DMSO) was determined using Bibby conductimeters MCI at room temperature. Molar conductivities were calculated according to the following equation: ΛM = V*K*g/Mw *Ω Where: ΛM=molar conductivity (ohm -1 cm 2 mol -1 ) V=volume of the solution (100 cm 3 ) K = cell constant: 0.92 cm -1 Mw = molecular weight of the complex g = grams of complex dissolved in 100 cm 3 solution Ω = resistance measured in ohms ii. Mass spectra:
The mass spectra of the compounds were recorded on JEOL JMS-XA-500 mass spectrometer.
iii. Thermal analyses:
DTA and TGA were carried out on a Shimadzu DT-30 thermal analyzer in nitrogen atmosphere, from room temperature to 600 °C at a heating rate of 10 °C per minute.
iv. 1 H-NMR spectra:
The 1 H-NMR spectra were recorded on a JEOL EX-270 MHZ FT-NMR spectrometer in deuterated dimethylsulfoxide (DMSO -d6) as a solvent. The chemical shifts were measured relative to the solvent peaks. v. IR spectra:
The infrared spectra of solid compounds were recorded on Perkin Elmer's infrared spectrometer 681 using KBr or CsBr discs.
vi. Electronic absorption spectra:
The electronic absorption spectra of the compounds were recorded on UNICO SQ-4802 UV/ Vis. Double beam spectrophotometer (190-1100 nm) using 1 cm quartz cell using DMSO as a solvent.
vii. Magnetic susceptibility
The magnetic susceptibilities of the solid compounds in the solid state were measured in a borosilicate tube with a Johnson Matthey 9 at room temperature using the following equations:
Where:-Χa = mass susceptibility L = sample length in cm R = tube + sample reading R o = empty the reading W = mass of the sample Χm = molar susceptibility Mw = molecular weight Χn = corrected molar susceptibility D = diamagnetic corrections µeff = effective magnetic moment T = room temperature in Kelvin viii. Determination of metal content Metal content was determined using colorimetric method on HACH DR 5000 spectrophotometer.
ix. ESR spectra
The solid ESR spectra of the compounds were recorded with ELEXSYS E500 Bruker spectrometer in 3 nm Pyrex Tubes at 25 o C. Diphenylpicr-hydrazide (DPPH) free radical was used as a g-marker for the calibration of the spectra. The equation used to determine g-values was g = (g DPPH) (H DPPH) / H Where: g DPPH = 2.0036 H DPPH = magnetic field of DPPH in gauss H = magnetic field of the sample in gauss
Preparation of the ligands: Preparation of ligand (1):
It was prepared by refluxing and stirring two hours of sodium salt of p-hydroxy methyl benzote (2.5 g, 0.014 mol) in 30 cm 3 ethanol and adding equivalent molar ratio of chloro ethyl acetate (1.1 g, 0.009 mol) and few drops of sulfuric acid was added. To the product formed, o-phenylene diamine (4.720 g, 0.043 mol) in (1:2) molar ratio was added in 50 cm 3 ethanol and refluxed the mixture for another 3hrs. Then add to the product salcylaldhyde (2.876 g, 0.024 mol) in (1:2) molar ratio. The final solid product left to cool at room temperature, filtered off, washed with water, dried and recrystallized from ethanol to afford Schiff-base ligand.
Preparation of ligand (2):
It was prepared by refluxing and stirring two hours of sodium salt of p-hydroxy methyl benzote (2.5 g, 0.014 mol) in 30 cm 3 ethanol and adding equivalent molar ratio of chloro ethyl acetate (1.1 g, 0.009 mol) and few drops of sulfuric acid was added. To the product formed, hydrazine hydrate (5.820 g, 12.45 mmol)in (1:2) molar ratio was added in 50 cm 3 ethanol and refluxed the mixture for another 3hrs. Then add to the product salcylaldhyde (2.876 g, 0.024 mol) in (1:2) molar ratio. The final solid product left to cool at room temperature, filtered off, washed with water, dried and recrystallized from ethanol to afford Schiff-base ligand. Preparation of ligands (1) and (2) are shown in scheme 1 and 2.
ligand (1)
Ligand (1) Ligand (2) ), 3410 υ (OH), 3175 υ (NH), 1685 υ (C=O), 1616,1605 υ (C=N), 1163,993 υ (C-O-C); The mass spectrum of the ligand (HL) revealed molecular ion peak at m/z 432.14.Analytical data for ligand (1), (2) and their complexes are given in Table (1): 
Preparation of Metal Complexes (3)-(22)
The metal complexes (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) were prepared by refluxing with strring a suitable amount (2 mmol) of a hot ethanolic solution of the following metal salts: [Mn(CH3COO)2·4H2O, NiSO4·6H2O, Ni(CH3COO)2·4H2O, CuSO4·5H2O, Cu(CH3COO).H2O, Zn(CH3COO)2 4H2O. ZnSO4.7H2O, NiCl2.6H2O, MgCl2, MnSO4.H2O, Ni(SO4)2.6H2O,] with a hot ethanolic suspension of the ligand (1) (0.478 g, 0.001 mol) and (0.5 g, 0.001 mol) of the ligand (2) in 30 cm 3 ethanol for 1-3 hrs respectively. The precipitates which formed were filtered off, washed with ethanol then by diethyl ether and dried in vacuum desiccators over P4O10.
Complex(3)
Complex (4) Complex (5) Complex (6) Complex (7) Complex (8) Complex (9) Complex (10) Complex (11) Complex (12) Complex (13) Complex (14) Complex (15) Complex (16) Complex (17) Complex (18) Complex (19) Complex (20) Complex ( 
Antimicrobial activity
Antimicrobial activity of the tested compounds was assessed against gram positive bacteria (Streptococcus pneumonia and Bacillis subtilis), gram negative bacteria (Pseudomonas aeruginosa and Escherichia coli) and fungi (Aspergillus fumigates and Candida albicans) by disc diffusion method.Tetracycline was used as a positive control and solvent control (12mm) was also used to know the activity of the solvent. The test compounds were dissolved in DMSO to concentrations of 250, 200, 175, 150 and 125 ppm and a DMSO poured disc was used as negative control. The bacteria were sub cultured in nutrient agar medium, which was prepared using peptone, beef extract, NaCl, agar and distilled water. The Petri dishes were incubated for 48hrs at 37°C. The standard antibacterial drug tetracycline was also screened under similar conditions for comparison. The zone of inhibition was measured in millimeters carefully. All determination was made in duplicate for each of the compounds. An average of the two independent readings for each compound was recorded.
RESULTS AND DISCUSSION
The ligands (1) and (2) and their metal complexes (3)- (22) are stable at room temperature, non-hydroscopic and are insoluble in common solvents such as ethanol, acetone, water and chloroform but soluble in DMF and DMSO. The elemental analysis confirmed that all complexes are composed of the ligand and metal ions with molar ratios equal to 1L: 2M. Many attempts were made to grow a single crystal, but unfortunately, they failed. The analytical, physical and spectral data are presented in experimental part, and Tables (1)- (8) are compatible with the suggested structures as shown in figure (1).
The Molar Conductivity
The molar conductivities of 1 × 10 − 3 M solutions of the metal complexes in DMSO at room temperature were found in the range 6.3-10.2 ohm − 1 cm 2 mol − 1 indicating the nonelectrolytic in nature of all complexes. These low values commensurate the absence of any counters ions in their structure. The considerable high conductance values for some complexes may be due to the partial solvoysis of them 25, 26 .
Mass Spectra of the Ligands [H2La] and [H2Lb] and metal complex (18):
The mass spectrum of ligand [H2La] (1) showed the molecular ion peak at m/z 584.21 amu, confirming its formula weight (F.W. 584.21).The mass fragmentation patterns observed at m/z = 120, 239, 308, 391, 494 and 583 amu correspond to C7H6NO, C14H11N2O2, C20H18N2O2, C22H21N3O4, C29H26N4O4 and C35H27N4O4 moieties, respectively, supported the suggested structure of the ligand. The mass spectrum of ligand [H2Lb] (2) showed the molecular ion peak at m/z 432.14 amu, confirming its formula weight (F.W. 432.14).The mass fragmentation patterns observed at m/z = 41, 93, 163, 176, 339 and 431 amu correspond to C6H5O, C8H7N2O2, C9H8N2O2, C17H15N4O4, and C23H19 N4O5 moieties, respectively, supported the suggested structure of the ligand. 
IR Spectra
The IR spectra of the ligands (1) and (2) showed a strong vibration band located at 1685 cm − 1 which assigned to the carbonyl group ν(C=O) group of hydrazide moiety, whereas the weak and broad bands which observed at 5300 and 3315 cm − 1 and 3180 and 3175 cm − 1 assigned to the stretching vibrations of the aromatic hydroxyl and ν(NH) groups associated through an intermolecular and intramolecular hydrogen bondings [27] [28] [29] [30] [31] . These observations confirmed the presence of the ligand in the ketonic form in the solid state 29, 31 . The spectra of the ligands also showed bands at 1610 and 1616 which may be assigned to the azomethine groups ν(C=N) 32 . By comparing the IR spectral data of the complexes with that of the free ligands. It is noted that, in all complexes the appearance of a new band in the ranges of 1603-1550 cm − 1 which may be assigned to the C=N group 31 . In the spectra of all complexes, the absorption frequency of amide carbonyl groups ν(C=O) was shifted to lower frequency side and appeared in the region 1675-1610 cm − 1 with lowering its intensity confirmed the coordination of oxygen atom of amide ν(C=O) with the metal ions without undergoing enolization. In the IR spectra of the complexes, it was observed that the presence of absorption band due to hydroxyl group which appeared in the spectra of complexes at 3422-3320 cm -1 rang indicated that, this group is coordinated to the metal (Table 4 ). In the spectra of all complexes the absorption frequency of azomethine ν(C=N) function shifted to lower frequency side about 7-26 cm − 1 with decreasing their intensities and appeared in the region 1603-1550 cm − 1 suggesting the involvement of nitrogen atom of azomethine function in complexation with the metal ions 35 . These negative shifts of ν(C=N) band confirmed that, the azomethine nitrogen atoms participated in coordination with the metal ions 36 . The appearance of new bands appeared in the ranges 530-624, 510-581 and 420-513 cm − 1 for different complexes may be assigned to the ν(M-O)Ar, and ν(M←N), respectively, 30, 37 . These results confirmed that, the bonding of the ligands with the metal ions occurred via carbonyl oxygen, azomethine nitrogen and aromatic hydroxyl oxygen atoms. In acetate complexes, the acetate ion may be coordinate to the metal ion in unidentate, bidentate, or bridging bidentate manner. The νas(CO2) and νs(CO2) of the free acetate ion are 1434 and 1325 cm − 1 respectively. In unidentate acetate complexes ν(C=O) is higher than νs(CO2) and ν(C-O) is lower than νas(CO
2-
).
As a result, the separation between the two ν(CO) is much larger in unidentate than in free ion but in bidentate the separation is lower than in the free ion while in bridging bidentate the two ν(CO) is closer to the free ion 38 . In the case of acetate complexes (3), (4), (5), (6), (13), (14), (15) and (16) 39, 40 . In the case of sulfate complexes (7), (8), (9), (17), (18) and (19) there are new bands appeared in the 1280-1134, 1125-1100, 902-670 ranges for the complexes, respectively. These bands indicate that, the sulfate ion is coordinated to the metal ion 38, 42 .The above results together with elemental analyses indicate that, the ligand behaved as neutral ligand bonded to the metal ions through ketonic carbonyl oxygen atoms, azomethine and protonated hydoxyl oxygen atoms. In the case of chloride complexes (10), (11), (12), (20), ( 21) and (22) there are new bands appeared in the 437-420 ranges for the complexes, respectively suggesting the coordination of chloride group in as a monodentate fashion. The appearance of broad bands in the ranges 3560-3150 cm − 1 are due to hydrated or coordinated water molecules 39, 40 . However, the hydrogen bonding appeared at 3650-2620 cm − 1 ranges. 
Magnetic Moments
The magnetic moments of the metal complexes (3)- (22) at room temperatures are shown in Table 6 . Cu(II) complexes (3), (8) , (11), (13), (17), (19) and (20) show values in the 1.65-1.7 B.M range corresponding to one unpaired electron in the d(x 2 -y 2 ) ground state in an octahedral structure. The low values than 1.73 B.M is due to spin -spin interactions between Cu(II) ions 43, 45 . Mn(II) complexes (4) and (14) show magnetic moment values equal 5.71 and 5.82B.M. These values are lower than high spin manganese(II) (d 5 ). This phenomenon may be due to antiferromagnetic spin-spin interactions between Mn(II) ions through molecular association or hydrogen bondings 45 . Ni(II) complexes (5), (10) , (16) interaction between the two nickel atom via hydrogen bonding or molecular association 43, 45 . Zn(II) complexes (6), (7), (9), (15) and (18) and Mg(II) complexes (12) and (22) show diamagnetic property. 
Electronic Spectra
The electronic spectral data for the ligand (1) and (2) and their metal complexes in DMSO solvent are summarized in Table 6 . The electronic absorption spectra of the ligands showed that it exhibited three bands located at 295, 315 and 335 nm and 285, 310 and 340 nm respectively. The first one assigned to intraligand π →π *transition in the hydroxyl moiety which is nearly unchanged on complexation. The second and third bands may be assigned to n→π * and charge transfer transitions of the azomethine and carbonyl groups. The location of these bands was found to be shifted to higher energy on complexation. This finding indicated to the participation of these groups in bonding and coordination with metal ions 28, 46 . Manganese(II) complexes (4) and (14) 46, 48 . However, The electronic spectrum nickel(II) complexes (5), (10), (16) and (21) 54, 55 . The ( 2/ 1) ratio for the complexes are less than the usual value 1.6 indicating distorted octahedral Ni(II) complexes. Copper(II) complexes (3), (8), (11), (13), (17), (19) and (20) B2 transitions, indicating a distorted tetragonal octahedral structure 54, 55 . The possibility of square planar geometry at metal center was ruled out because in general square-planar complexes are known to exhibit two bands in the visible region, around 700-712 nm and 533-550 nm reported by El-Tabl et al. 57 was not observed in the case of our synthesized complex. Zn(II) complexes (6), (7). (9), (15) and (18) and Mg(II) complexes (12) and (22) show bands due to intra ligand transitions.
ESR
The ESR spectral data for copper(II) complexes (3), (8), (11), (13), (17), (19) and (20) are presented in (Table 7 ). The spectra of copper(II) complexes are characteristic of species d (2) Where k|| and k┴ are the parallel and perpendicular components respectively of the orbital reduction factor (K), ° is the spin-orbit coupling constant for the free copper, ΔExy and ΔExz are the electron transition energies of 2
B1g→
2 B2g and 2 B1g→ 2 Eg. From the above relations, the orbital reduction factors (K||, K┴, K), which are measure terms for covalency, can be calculated. For an ionic environment, K=1; while for a covalent environment, K<1. The lower the value of K, the greater is the covalency. 56, 59 . However, the β 2 value for complexes indicating ionic character of the out-of-plane 56, 59 . It is possible to calculate approximate orbital populations ford orbitals 60 by A|| = Aiso -2B[1 ± (7/4) Δg||] (Δg||= g -ge) (9) a 2 d =2B/ 2B° (10) Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d orbital respectively. When the data are analyzed, the components of the 60 Cu hyperfine coupling were considered with all the sign combinations. The only physically meaningful results are found when A and A were negative. The resulting isotropic coupling constant was negative and the parallel component of the dipolar coupling 2B are negative (Table 7) . These results can only occur for an orbital involving the dx2-y2 atomic orbital on copper. The value for 2B is quite normal for copper(Il) complexes. The Aiso value was relatively small. The 2B value divided by 2B o (The calculated dipolar coupling for unit occupancy of dx2-y2 (235.11 G), using equation (10) suggests all orbital population are 60, 88.9, 66, 86.3, 60, 57.2and 58% d-orbital spin density, clearly the orbital of the unpaired electron is dx2-y2. However, Mn(II) complexes (4) and (14) showed isotropic spectra with giso 2.07 and 2.09 with covalent bond character. 
Thermal Analyses (DTA and TGA)
The thermal data of complexes (4), (7), (15), (19) and (20) are listed in (Table 8 ). These complexes were introduced as representative examples. Thermogram of complex (4) showed a decomposition in six steps, the first step involving breaking of H-bondings accompanied with endothermic peak at 45 o C. In the second step, three molecules of hydrated water molecules were losted endothermically with peak at 80 accompanied by 6.1% (Calc 5.58%) weight loss. Such a low temperature endothermic dehydrations indicated that the water molecules were coordinated to the metal. Loss of two coordinated water molecules was recorded in the third step as an endothermic peak at 145 o C with 4.21 (Calc. 3.94) weight losses. The 26.52% weight loss (Calc 26.91%) accompanied by an endothermic peak at 265-290 o C range was assigned to loss of coordinated 4(OAc) group, whereas the endothermic peak observed at 330 o C refers to the melting point of the complex. The final step observed as exothermic peaks 445,492,550 and 610
• C with 23% weight loss (Calc 22.15%), refers to complete decomposition of the complex which exposed up with the formation of 2MnO. The first step observed in the thermogram of complex (7) involves breaking of H-bondings accompanied with endothermic peak at 48 o C. In the second step, four molecules of coordinated water were losted endothermically with a peak at 150- • C with 31.4% weight loss (Calc 30.7%), refers to complete oxidative decomposition of the complex which exposed up with the formation of 2 ZnO. The first step observed in the thermogram of complex (19) involving breaking of H-bondings accompanied with endothermic peak at 45 o C. In the second step, two molecules of hydrated water were lost endothermically with peak at 70 o C. accompanied by % 4.35 (Calc 4.27%) weight loss. The third step involved loss of four coordinated water molecules accompanied with an endothermic peak at 130-145 o C with 9.32 (Calc. 9.15%). The 27.11% weight loss (Calc 26.85%) accompanied by an endothermic peak appears at 300 o C was assigned to loss of four sulphate groups (SO4), whereas the endothermic peak observed at 330 o C refers to the melting point of the complex. The final step observed in 475,540,585 and 610
• C with 30.23% weight loss (Calc 30.78%), refers to complete oxidative decomposition of the complex which exposed up with the formation of (ZnO) and (CuO). The first step observed in the thermogram of complex (20) involving breaking of H-bondings accompanied with endothermic peak at 46 o C. In the second step, two molecules of hydrated water were lost endothermically with peak at 65 o C. accompanied by % 5.1 (Calc 4.9%) weight loss. The third step involved loss of four coordinated water molecules accompanied with an endothermic peak at 125 o C with 5.3 (Calc. 5.16%). The 20.82% weight loss (Calc 21.45%) accompanied by an endothermic peak appears at 225-250 o C was assigned to loss of coordinated 4(Cl) group, whereas the endothermic peak observed at 320 o C refers to the melting point of the complex. The final step observed in 420, 490, 530 and 585
• C with 31.2% weight loss (Calc 30.77%), refers to complete oxidative decomposition of the complex which exposed up with the formation of 2(CuO). control> ( are more active for microorganisms and this is also indicates that, nitrogen is a more effective antimicrobial agent. The increase in the activity of complexes as compared to the parent ligand may be due to the complex formation in which the ligand is coordinated to the central metal ion through the azomethine nitrogen leading to an increased biological action. The zone of inhibition was measured with respect to control. 
